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  Abstract	  
Limited	  water	  resources	  in	  Southern	  Utah	  with	  the	  compe3ng	  interests	  of	  
humans	  and	  na3ve	  fishes	  require	  careful	  management.	  High	  instream	  
temperatures	  resul3ng	  from	  low	  flows	  are	  a	  considera3on	  in	  managing	  the	  
Virgin	  River	  for	  two	  endangered	  fish	  species.	  Throughout	  these	  periods,	  fish	  
behavior	  changes	  have	  been	  observed	  during	  3mes	  of	  high	  turbidity.	  One	  
hypothesis	  was	  that	  high	  turbidity	  decreased	  the	  amount	  of	  solar	  radia3on	  in	  
the	  water	  column	  due	  to	  increased	  reflec3on	  at	  the	  water	  surface	  resul3ng	  in	  
reduced	  instream	  temperatures.	  To	  quan3fy	  the	  extent	  of	  changes	  in	  incoming	  
energy	  to	  the	  river,	  a	  water	  tank	  was	  constructed	  to	  measure	  the	  effects	  of	  
turbidity	  on	  solar	  radia3on	  reflec3on	  off	  the	  water	  surface	  and	  aQenua3on	  
with	  depth.	  We	  found	  that	  increases	  in	  turbidity	  led	  to	  a	  linear	  increase	  in	  
solar	  radia3on	  reflec3on	  for	  specific	  turbidity	  ranges.	  We	  also	  found	  that	  
aQenua3on	  of	  solar	  radia3on	  increased	  linearly	  as	  turbidity	  increased	  for	  
specific	  turbidity	  ranges.	  The	  effects	  of	  turbidity	  on	  solar	  radia3on	  behavior	  
were	  translated	  into	  changes	  in	  instream	  temperatures	  through	  the	  use	  of	  an	  
instream	  temperature	  model.	  The	  results	  indicated	  during	  summer	  low	  flow	  
condi3ons	  that	  turbidity	  increases	  from	  30-­‐500	  NTU	  decreased	  instream	  
temperatures	  1°C	  on	  average	  with	  maximum	  increases	  of	  2°C.	  
Turbidity	  Varia3on	  
While	  simultaneously	  measuring	  solar	  radia3on	  above	  and	  within	  the	  water	  
column,	  turbidity	  levels	  were	  increased	  ini3ally	  from	  0	  to	  500	  within	  one	  day	  
to	  establish	  dilu3on	  curves	  and	  assist	  in	  experimental	  design.	  	  Red	  and	  white	  
sediment	  were	  then	  added	  daily	  over	  two	  weeks	  at	  intervals	  of	  30,	  60,	  90,	  
150,	  300,	  and	  500	  NTUs.	  	  Rapid	  addi3on	  of	  sand	  during	  four	  hours	  centered	  
on	  solar	  noon	  was	  then	  completed	  at	  10	  –	  30	  NTU	  increments	  over	  ten	  
minute	  periods.	  	  The	  resul3ng	  data	  provided	  rela3vely	  simple	  rela3onships	  
between	  turbidity	  and	  reflec3on	  as	  well	  as	  turbidity	  and	  aQenua3on.	  
Radia3on	  AQenua3on	  Results	  
Experimental	  Overview	  
To	  study	  the	  changes	  of	  the	  solar	  radia3on	  reflec3on	  and	  aQenua3on	  within	  
the	  water	  column	  due	  to	  turbidity	  increases	  and	  apply	  it	  to	  condi3ons	  found	  in	  
Southern	  Utah,	  a	  water	  tank	  was	  constructed	  and	  ou]iQed	  with	  a	  pump	  and	  
manifold	  system	  to	  maintain	  uniformly	  mixed	  condi3ons.	  	  Sediments	  from	  
white	  shale	  and	  red	  sandstone	  were	  obtained	  from	  St.	  George,	  Utah.	  	  For	  each	  
sediment	  type,	  par3cles	  <	  0.0021	  in.	  diameter	  were	  introduced	  and	  turbidity	  
was	  monitored	  with	  a	  DTS-­‐12	  turbidity	  meter.	  	  Addi3onally,	  solar	  radia3on	  was	  
measured	  at	  6	  loca3ons	  in	  the	  system	  including	  incoming	  and	  reflected	  at	  the	  
surface	  of	  the	  water	  and	  at	  the	  boQom	  of	  the	  tank.	  	  Incoming	  solar	  radia3on	  
was	  measured	  near	  the	  top,	  middle,	  and	  boQom	  of	  the	  water	  column.	  	  
Modeling	  Results	  
The	  results	  from	  the	  surface	  reflec3on	  data	  was	  used	  to	  adjust	  the	  amount	  of	  
solar	  radia3on	  entering	  the	  water	  column	  in	  an	  instream	  temperature	  model	  
completed	  previously	  for	  the	  same	  area.	  	  The	  results	  show	  that	  for	  turbidi3es	  
ranging	  from	  30	  to	  500	  NTUs,	  instream	  temperatures	  decrease	  on	  average	  1	  °C	  
with	  maximum	  increases	  of	  2	  °C.	  	  
Conclusion	  
It	  was	  apparent	  that	  both	  radia3on	  aQenua3on	  within	  the	  water	  column	  and	  
surface	  reflec3on	  increased	  with	  increases	  in	  turbidity.	  	  	  Maximum	  instream	  
temperatures	  are	  partly	  dependent	  on	  turbidity	  in	  the	  water.	  	  By	  
understanding	  the	  rela3onship	  between	  turbidity	  increases	  and	  solar	  
radia3on,	  a	  beQer	  approxima3on	  of	  resul3ng	  changes	  in	  instream	  temperature	  
can	  be	  established.	  
.	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Radia3on	  AQenua3on	  
Broad	  spectrum	  light	  incident	  on	  the	  water	  column	  aQenuates	  with	  an	  
exponen3al	  decay	  rela3onship	  according	  to	  the	  following	  equa3on:	  	  
where	  Ed(z)	  is	  the	  incoming	  solar	  radia3on	  at	  depth	  z,	  Ed(0)	  is	  incoming	  solar	  
radia3on	  just	  below	  the	  water	  surface,	  and	  Kd	  is	  the	  es3mated	  ver3cal	  
aQenua3on	  coefficient.	  
AQenua3on	  coefficients	  were	  calculated	  for	  different	  water	  turbidity	  
condi3ons	  and	  sand	  color	  varia3ons.	  	  
y	  =	  0.0001x	  +	  0.0247	  
R²	  =	  0.98647	  
y	  =	  0.0003x	  +	  0.0509	  
R²	  =	  0.99488	  
y	  =	  0.0005x	  +	  0.0041	  
R²	  =	  0.98241	  
y	  =	  0.0011x	  +	  0.0024	  
R²	  =	  0.99918	  
y	  =	  5E-­‐05x	  +	  0.0388	  
R²	  =	  0.96576	  
y	  =	  0.0001x	  +	  0.0868	  





















Solar	  Reflec*on	  versus	  Turbidity	  
White	  Sand	  
Red	  Sand	  
y	  =	  0.074x	  +	  0.6977	  
R²	  =	  0.99081	  
y	  =	  0.0458x	  +	  2.1534	  
R²	  =	  0.98248	  
y	  =	  0.0384x	  +	  4.1158	  
R²	  =	  0.9819	  
y	  =	  0.0568x	  +	  0.7396	  
R²	  =	  0.98828	  
y	  =	  0.0298x	  +	  1.9676	  
R²	  =	  0.98585	  
y	  =	  0.0226x	  +	  3.7458	  















































Red	  Sediment	  Reflec*on	  



















White	  Sediment	  Reflec*on	  
Base	  Case	   White	  30	   White	  60	   White	  90	   White	  150	   White	  300	   White	  500	  
